A bacterium, strain SD-74, which was isolated from soil under alkaline conditions, was found to abundantly produce acidic exolipids from /i-alkanes. The strain proved to be alkali-resistant rather than alkalophilic and was identified as Rhodococcus erythropolis.
Many papers on the production of interesting enzymes by alkalophilic microorganisms have been reviewed by Horikoshi and Akiba.1} Few papers on the extracellular production of metabolites by alkalophilic microorganisms, however, have been published. We searched for alkalophilic microorganisms that produce extracellular metabolites from ft-alkanes under alkaline conditions.
In the course of this screening, a bacterium, strain SD-74, isolated from soil was found to produce acidic exolipids abundantly. The exolipids showed good surface-active properties.2) This paper describes the isolation and identification of strain SD-74, the isolation and purification of the exolipids produced from rc-hexadecane, and the characterization of the two main new succinoyl trehalose lipids (STL-1 and STL-2).
The effects of the culture conditions on the production of the exolipids will be described in the next paper. 757 
Materials and Methods
Microorganisms. Strain SD-74 was isolated from an alkaline soil sample collected at Sado Island, Niigata Prefecture, Japan. Rhodococcus erythropolis IAM 12122 (ATCC 4277), the type strain of the species, and IFO 12682 were also used as references. The strains were maintained on nutrient agar supplemented with 0.1% yeast extract and 1% glycerol.
Isolation of microorganisms capable of using n-alkanes under alkaline conditions. For enrichment of microorganisms capable of using w-alkanes under alkaline conditions, about 200 soil samples were collected from 7 different places. Each sample (ca. 1 g) was suspended in sterile water (5 ml) and then each suspension (0.2ml) was added to a test tube (25 x 200mm)containing a selective medium (5 ml), which was composed of 5% (v/v) fl-alkane mixture (C12-C16) as the carbon source, 0.15% NH4NO3, 0.1% KH2PO4, 0.02% MgSO4-7H2O, 0.1% yeast extract, 0.01% Span 80, 0.01% Tween 20, 0.5% Na2CO3, 0.5% NaHCO3 and tap water (pH 10). Carbonates were sterilized separately by filtration. The cultures were incubated on a test-tube shaker for several days at 30°C. After visible growth had been observed, the cultures were transferred to newtest tubes containing the same medium and then incubated under the same conditions. After 3 to 4 repetitions of these steps, the cells were streaked on agar plates. For the plates, the same selective mediumcontaining 2.0% agar was used, but the w-alkanes were soaked in pieces offlattened cotton put on the lids of the Petri dishes.
After incubation at 30°C for 3 to 5 days, colonies were isolated.
Screening tests. Each of the isolated strains was inoculated into a 300-ml Erlenmeyer flask containing the selective medium (30ml), followed by incubation for 7 days at 30°C on a rotary shaker (220rpm).
The culture broth was centrifuged at 10,000 x g for 20min and then the resulting supernatant was examined for the presence of fermentation products. 30 min. Since the remaining w-hexadecane and cells came to the surface, the aqueous layer was carefully siphoned off and acidified with 6n HC1 to pH 3.0. The acidic exolipids were precipitated as a voluminous gel mass. After removal of the supernatant by centrifugation, the gel mass was washed twice with water and then mixed with hot methanol (300ml). The mixture was washed three times with w-hexane to remove minor lipids and remaining nhexadecane. The mixture was concentrated and the residue was dried over P2O5under reduced pressure. A pale brown residue {ca. To distinguish the functional groups of the products, the following reagents were used: anthrone reagent for sugars, bromocresol green for free acid groups, Dittmer-Lester reagent13) for phospholipids, ninhydrin reagent for amino groups and hydroxylamine-ferric chloride reagent14) for ester groups.
Paper chromatography (PPC) was carried out on ToyoRoshi No. 51B filter paper. Sugars were separated with solvent E, «-propanol-ethyl acetate-water (7 : 1 : 2), and located by spraying Yoda's reagent.15) High-performance liquid chromatography (HPLC) was performed with a Waters apparatus (M-45) equipped with an Aminex HPX-87H column (BIO-RAD). Sugars and the water-soluble acid component were eluted with 0.01 n H2SO4at a column temperature of60°C and a flow rate of 0.8 ml/min. Adipic acid was used as the internal standard (tR, 12.1 min).
Gas chromatography (GC) was performed with a and IRA-410 (OH"), and then concentrated under reduced pressure (ca. 0.4g). The concentrate (10mg) was dissolved in 1 n H2SO4 (2ml) and then hydrolyzed in a boiling water bath for 1 hr.
Determination of molar ratio of acyl residues to sugar moiety. STL-1 or STL-2 (100mg each) was dissolved in 1 n NaOH (2ml) and then deacylated under the same conditions as described above. After acidification of the reaction mixture with 2n H2SO4 to pH 3, long-chain fatty acids were extracted with «-hexane. After removal of nhexane, the residues were methylated with 10% (v/v) H2SO4 in methanol, and then analyzed by GC and GC/MS. The sugar and water-soluble acid moieties in the remaining aqueous layer were simultaneously analyzed by HPLC. These strains were screened as to the production of metabolites derived from the mixture of «-alkanes used as the sole carbon source. The culture broth of strain SD-74 was found to give a voluminous white precipitate as metabolites after acidification of the broth with 6n HC1. This strain and its metabolites were extensively studied.
Taxonomical studies on strain SD-74 The strain was isolated from an enrichment culture under alkaline conditions, pH 10, but showed better growth at pH 7.0-7.5, as Fig. 1 shows. Characterization of the exolipids The precipitate obtained from the acidified Fig. 1 . Effect of pH on Cell Growth. Cells were inoculated into Monod'stest tubes containing 7ml of media, which contained 3% glycerol, 2% acid hydrolysate of casein (Sigma, type I), 0.2% yeast extract (Difco), 0.02% MgSO4-7H2O, 0.2m K2HPO4, 0.1 m succinic acid and 0.1 m BICINE, and which were adjusted to different pHs with a mixture of 2n NaOH and 10% Na2CO3. The cultures were incubated with shaking at 30°C.
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Liquefaction of gelatin: (-).

Hydrolysis of starch: (-).
Indole production: (-). Major cellular fatty acids: saturated (C14-C18) and monounsaturated (C16-C19) straight-chain fatty acids, and 10-methyl fatty acids (C17, C19).
Catalase: (+).vOxidase: (-). DNase: (+)
.
Glycolate test: (+).
G+C content: 71 mol%. The contents of STL-1 and STL-2 in the total anthrone-positive lipids were determined to be 67% and 18%, respectively, with a densitometer (TLC Scanner CS-920, Shimadzu). 2) Ester linkage ofacyl groups to trehalose. 18)
The gas chromatogram of the alditol acetates derived from STL-2 showed two equimolar peaks, the fragmentation patterns of which on GC/MScorresponded to those of 1 ,5-di-(9-acetyl-2,3,4,6-tetra-O-methyl hexitol and l ,2,3,4,5-penta-0-acetyl-6-(9-methyl hexitol.1F
romthese results, it was concluded that the acidic exolipids, STL-1 and STL-2, were 2,3,4,2'-di-0-succinoyl-di-O-alkanoyl-a,atrehalose and 2,3,4-mono-O-succinoyl-di-Oalkanoyl-a,a-trehalose, respectively (Fig. 3) .
Characterization of minor exolipids The minor exolipids fraction obtained from the precipitate of the total acidic exolipids on hexane extraction was also analyzed by the same procedure as described above. with the same residues, which in contrast were localized in the sugar moiety at positions 2,3,4 and 2', with a yield of 0.1 g from 1 1 of culture broth. Wagner et al.26) reported that the yield of this trehalosetetraester was increased to 7.9 g/1 by a temperature shift and nitrogen limitation.
In contrast with these monosuccinoyltrialkanoyl-trehaloses, the present STL-1 and STL-2 were found to be disuccinoyl-dialkanoyl-and monosuccinoyl-dialkanoyl-trehaloses, respectively.
To our knowledge, these succinoyl trehalose lipids have not been found previously.
